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Description 
TECHNICAL FIELD 


[0001] The present invention generally relates to weapon systems, and more particularly relates to automatic weapon 
systems with short recoil impulse averaging operating groups. EP 1 102 022 A2 describes an automatic projectile firing 
меароп according to the preamble of appended independent claim 1 and a related method for absorbing the recoil force 
of an automatic projectile firing weapon. The weapon includes a barrel assembly that is slidably mounted in а receiver, 
biased by an operating spring, and engageable with а main sear. А gas operated bolt assembly is slidably mounted 
Within the barrel assembly and is driven by a bolt spring. A trigger is provided to release the main sear and allow the 
operating spring to move the barrel assembly forwardly in the receiver. There is further provided a buffer connected 
between the receiver and the barrel assembly to dampen the velocity о the barrel assembly to ensure the barrel assembly 
is moving at a predetermined maximum velocity when a round is fired at a predetermined firing position. The recoil 
energy from the fired round is absorbed mainly by the forward motion of the barrel assembly and in part by the operating 
spring and buffer. In this manner, the peak recoil load to the receiver is minimized and the weapon operates at its actual 
firing rate from the first shot. GB 573 694 A describes a sub-machine gun or like automatic firearm so made that the 
barrel body and butt are adapted to be quickly assembled or disassembled, without individual stripping, by means of 
joints of the kind comprising interengaging interrupted annular flanges. The body, carrying a magazine and containing 
the breech-block has a cylindrical sleeve fitting over its rear end and secured by a removable locking pin, the sleeve 
forming part of a housing in which the trigger-mechanism is mounted. An inturned flange formed by three lug portions 
separated by three groove portions, is provided on the rear end of the housing. Corresponding lugs and grooves are 
formed on a spigot protruding from a plate fixed to the forward end of the butt. A fastening of the bayonet-joint type is 
thus provided, by which the butt may be readily attached to the body by bringing the lugs on the one part into register 
with the grooves on the other and then rotating the butt relatively to the body. A spring-pressed catch is slidable in a slot 
in the sleeve, and locks the butt to the body by engagement in a groove in the spigot when the bayonet-joint connection 
has been made. The breech mechanism comprises a buffer plunger which is slidable in a cavity in the breech-block and 
is pressed backwardly by a spring. A breech-block recoil-rod is pivoted to the plunger, and passes through a slit in the 
end wall of the housing. The outer end of the rod must be inserted through an aperture in a boss projecting from the 
spigot on the butt, before the butt and body are connected together. When the parts are assembled, the rear end of the 
rod engages in a socket piece which is slidable in a tube under the pressure of a recoil spring. The rear end of the barrel 
and the front end of the body of the gun are also detachably connected by a joint consisting of a pair of interrupted 
annular flanges extending inwardly on the body, and a pair of outwardly-extending interrupted matching flanges provided 
on a collar fixed to the barrel. Locking of the barrel and body against relative rotation is effected by a spring catch having 
a portion adapted to engage in a recess in the forward end of the body. 


BACKGROUND 


[0002] The desirability of more powerful, yet smaller, machine guns and other types of automatic weapon systems is 
increasing. In some conventional weapon systems, operating systems with impulse averaging have been used to mitigate 
the recoil loads and receiver excitation, particularly in systems that use higher impulse rounds. Typically, these operating 
systems require fixing the barrel to the operating group to create a relatively massive, long recoil stroke operating group. 
[0003] There are several drawbacks to these conventional systems. The long stroke excursion of such a large mass 
may reduce firing rate and add complexity to the weapon. Additionally, such weapons may be sensitive to recoiling 
mass, and therefore, barrel weight. Moreover, such weapons may be sensitive to variation in friction and gravity effects. 
[0004] Accordingly, it is desirable to provide improved weapon systems to address these issues. Furthermore, other 
desirable features and characteristics of the present invention will become apparent from the subsequent detailed 
description of the invention and the appended claims, taken in conjunction with the accompanying drawings and this 
background of the invention. 


BRIEF SUMMARY 


[0005] The above objectives are achieved by a weapon system according to the appended independent claim 1. 

[0006] In accordance with an exemplary embodiment, a weapon system for firing a round from a belt of rounds is 
provided as defined in claim 1. The weapon system includes, inter alia, a receiver and an operating group configured 
to operate the weapon system through a charged condition, a firing condition, and a recoil condition. The operating 
group includes a barrel extension at least partially housed within the receiver and arranged to axially translate relative 
to the receiver; an operating rod (op-rod) assembly at least partially housed within the barrel extension and arranged to 
axially translate within the barrel extension between the charged condition, the firing condition, and the recoil condition; 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


EP 2 748 553 B1 


and a bolt assembly coupled to the op-rod assembly and at least partially housed within the barrel extension and arranged 
to axially translate within the barrel extension between the charged condition, the firing condition, and the recoil condition. 
The system further includes a barrel coupled to the barrel extension and defining a chamber and a bore; a gas accelerator 
with a first end coupled to the barrel and a second end coupled to the op-rod assembly; a buffer assembly including а 
self-centering spring and a hydraulic piston assembly having a first end coupled to the receiver and a second end coupled 
to the barrel extension; and a feeder coupled to the receiver and configured to provide the round to the operating group. 
[0007] In accordance with an example, a quick release mechanism for attaching and detaching а barrel of a weapon 
system is provided. The mechanism includes first locking lugs positioned on а barrel extension of the weapon system; 
a lock surface positioned on the barrel extension of the weapon system; a barrel handle extending from the barrel; a 
barrel lock mounted on the barrel handle; a barrel lock projection extending from the barrel lock, the barrel lock projection 
having a first radial position engaged with the lock surface and a second radial position disengaged from the lock surface; 
and second locking lugs positioned on the barrel, the second locking lugs having a first circumferential position engaged 
with the first locking lugs and a second circumferential position disengaged with the first locking lugs. 

[0008] In accordance with another example, a feed assembly is provided for presenting a round of a series of rounds 
to an operating group of a weapon system. The feed assembly includes a feed tray defining an inlet and configured to 
support the series of rounds and a feeder coupled to the feed tray. The feeder includes a feed index cam configured to 
be actuated by axial movement of the operating group; and a feed pawl coupled to the feed index cam and configured 
to index the series of round in the feed tray upon actuation of the feed index cam. 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0009] The present invention will hereinafter be described in conjunction with the following drawing figures, wherein 
like numerals denote like elements, and 


FIG. 1 is an isometric view of a weapon system 10 according to an exemplary embodiment; 

FIG. 2 is an isometric view of a receiver assembly of the weapon system of FIG. 1 according to an exemplary 
embodiment; 

FIG. 3 is an isometric view of a receiver ofthe receiver assembly of FIG. 2 according to an exemplary embodiment; 
FIG. 4 is a top isometric view of a feeder assembly of the weapon system of FIG. 1 according to an exemplary 
embodiment; 

FIG. 5 is a top isometric view of a feed tray ofthe feeder assembly of FIG. 4 according to an exemplary embodiment; 
FIG. 6 is an isometric view of the underside of a feeder of the feeder assembly of FIG. 4 according to an exemplary 
embodiment; 

FIG. 7 is an isometric view of an operating group of the weapon system of FIG. 1 according to an exemplary 
embodiment; 

FIG. 815 an isometric view of a barrel extension of the operating group of FIG. 7 according to an exemplary embod- 
iment; 

FIG. 9 is a longitudinal cross-sectional view of the barrel extension of FIG. 8 according to an exemplary embodiment; 
FIG. 10 is an isometric view of a bolt assembly of the operating group of FIG. 7 according to an exemplary embodiment; 
FIG. 11 is a partial cross-sectional isometric view of the bolt assembly of FIG. 10 according to an exemplary em- 
bodiment; 

FIG. 12 is an isometric view of an op-rod assembly of the operating group of FIG. 7 according to an exemplary 
embodiment; 

FIG. 13A is a partial longitudinal cross-sectional view of the op-rod assembly of FIG. 12 according to an exemplary 
embodiment; 

FIG. 13B is a partial end view of the op-rod assembly of FIG. 12 according to an exemplary embodiment; 

FIG. 14 is an exploded isometric, partially cross-sectional view of the operating group of FIG. 7 according to an 
exemplary embodiment; 

FIG. 15 is an isometric view of a barrel assembly and a gas accelerator of the weapon system of FIG. 1 according 
to an exemplary embodiment, 

FIG. 16 is a cross-sectional view of the gas accelerator of FIG. 15 according to an exemplary embodiment; 

FIG. 17 is a cross-sectional view of a buffer assembly of the weapon system of FIG. 1 according to an exemplary 
embodiment; 

FIGS. 18A, 18B, and 19-24 are partial cross-sectional views of the weapon system of FIG. 1 in various positions of 
an exemplary firing cycle; 

FIG. 25 is a graph depicting velocity over time during the firing cycle depicted in FIGS. 18B-24 according to an 
exemplary embodiment; 

FIG. 26 is a partial cross-sectional view of a barrel release mechanism for the weapons system according to an 
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exemplary embodiment; and 
FIG. 27 is a graph depicting examples of recoil reduction as a function of mount stiffness for exemplary weapon 
system relative to conventional weapon systems. 


DETAILED DESCRIPTION 


[0010] The following detailed description is merely exemplary in nature and is not intended to limit the invention or the 
application and uses of the invention. As used herein, the word "ехетрјагу" means "serving as an example, instance, 
or illustration." Thus, any embodiment described herein as "exemplary" is not necessarily to be construed as preferred 
or advantageous over other embodiments. Throughout the specification, the use of the terms "front" or "forward" refer 
to the muzzle end of the firearm or toward the muzzle, and the terms "aft," "rear," or "rearward" refer to the buttstock 
end of the firearm or toward the buttstock. Some of the figures discussed below may include a legend clarifying these 
directions relative to the respective view. Similarly, the use of the term "axial" refers to a direction parallel to the longitudinal 
axis of the weapon system and the term "radial" refers to a direction perpendicular to the longitudinal axis of the weapon 
system. All of the embodiments described herein are exemplary embodiments provided to enable persons skilled in the 
art to make or use the invention and not to limit the scope of the invention which is defined by the claims. Furthermore, 
there is no intention to be bound by any expressed or implied theory presented in the preceding technical field, background, 
brief summary, or the following detailed description. 

[0011] FIG. 115 an isometric view of a weapon system 10 according to an exemplary embodiment. The weapon system 
10 generally includes a receiver assembly 100, a feeder assembly 200, an operating group 300, a barrel assembly 400, 
a gas accelerator 500, and a buffer assembly 600. As described in greater detail below, the components or assemblies 
of the weapon system 10 cooperate to fire a round according to a short recoil impulse averaging principle of operation. 
Each of the components or assemblies will be introduced prior to a more detailed explanation of the firing cycle. 
[0012] FIG. 2 is an isometric view of the receiver assembly 100 removed from the other components of the weapon 
system 10 according to an exemplary embodiment. With continuing reference to FIG. 1, in general, the receiver assembly 
100 functions to at least partially house the operating group 300 and to provide interfaces for operating the weapon 
system 10. As shown, the receiver assembly 100 includes a receiver 110, a trigger group 150, and a buttstock assembly 
170. The buttstock assembly 170 is mounted onto the aft end of the receiver 110 to provide a rest or brace for the user. 
The trigger group 150 is mounted on the underside of the receiver 110 to actuate the weapon system 10, as described 
below. In one exemplary embodiment, the trigger group 150 includes a grip 152, a trigger 154, a trigger guard 156, and 
a safety lever 158. As discussed below, the trigger 154 is coupled to a sear that selectively engages the operating group 
300. As such, when charged, pulling the trigger 154 pivots the sear to release the operating group 300 to initiate firing 
of the weapon system 10. The trigger group 150 may be configured for automatic or semi-automatic modes. 

[0013] FIG. 3 is an isometric view of the receiver 110 removed from the receiver assembly 100 of FIG. 2. As shown, 
the receiver 110 includes a receiver housing 112, an aft rail 114, forward rails 120, a cover 130, a buttstock interface 
132, a trigger interface 134, a charger rail 140, a feeder hinge 144, an operating group guide 146, and first and second 
grips 148. 

[0014] With continuing reference to FIGS. 1-2, as described in greater detail below, the receiver housing 112 functions 
to at least partially house the operating group 300 and to support the other components of the receiver 110. Generally, 
the receiver housing 112 is U-shaped with two side walls 180, 182 and a bottom wall 184 that define a cavity 186. The 
cover 130 spans the side walls 180, 182 to at least partially enclose the cavity 186. One or both side walls 180, 182 
define a charging port 141 for accommodating actuation of a charger handle (not shown) during operation. Similarly, 
the charger rail 140 is positioned on the sides of the receiver housing 112 around the charging port 141 to guide movement 
of the charger handle (not shown). As discussed below, the charger handle is arranged to charge the weapon and initiate 
the firing cycle. One or both side walls 180, 182 additionally define an ejection window 183. 

[0015] Still referring to FIG. 2, the buttstock interface 132 is formed on the receiver housing 112 and/or cover 130 to 
facilitate attachment and detachment of the buttstock assembly 170 relative to the receiver 110. Similarly, the trigger 
interface 134 provides attachment points to facilitate attachment and detachment of the trigger group 150. Any suitable 
pin, detent, catch, or other coupling feature may be provided as part of the buttstock and trigger interfaces 132 and 134. 
As also discussed in greater detail below, the feeder hinge 144 provides an interface for mounting the feeder assembly 
200, and the operating group guide 146 provides a radial guide for axial movement of the operating group 300. 

[0016] The first and second grips 148 are arranged at positions on the receiver housing 112 to provide a comfortable 
grip for the user. The aft rail 114 is mounted on the cover 130, generally on the top side of the receiver 110, and the 
forward rails 120 are mounted on the front of the receiver housing 112 with the forward grip 148, generally on the side 
of the receiver 110, to enable attachment of complimentary weapon system elements. 

[0017] With continuing reference to FIGS. 1-3, FIG. 4 is a top isometric view of the feeder assembly 200 removed 
from the other components of the weapon system 10 according to an exemplary embodiment. Generally, the feeder 
assembly 200 is mounted on the receiver assembly 100 to provide rounds 202 to the operating group 300. The feed 
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assembly 200 includes а feed tray 210 and а Теедег 250. Аз shown in FIG. 4, the feed tray 210 is positioned underneath 
the feeder 250 such that the feed tray 210 supports and guides a series of rounds 202 indexed by the feeder 250. 
Consecutive rounds 202 are coupled together by links creating an ammunition belt, and each round 202 typically includes 
a bullet, a case, a primer, and propellant. The general structure of the feed tray 210 and feeder 250 will be described 
With reference to FIGS. 5 and 6, and a more detailed description of operation will be discussed below with reference to 
the firing cycle. 

[0018] FIG. 5 is a top isometric view of the feed tray 210 of FIG. 4 in accordance with an exemplary embodiment. The 
feed tray 210 has a body 212 with side walls 216, 218 and a tray base 220. As shown, the side walls 216, 218 define a 
bellmouth inlet 214 for receiving the linked rounds 202. During operation, and as discussed in greater detail below, the 
rounds 202 are indexed through the bellmouth inlet 214, fed to the operating group 300 at round stops 222, and the 
empty link is ejected through eject guide 224. 

[0019] FIG. 6 is an isometric view of the underside of the feeder 250 of FIG. 4 in accordance with an exemplary 
embodiment. The feeder 250 includes a housing 252 that mates with the receiver assembly 100 and houses the other 
components of the feeder assembly 200. For example, the housing 252 has side walls 254, 256 defining a feed port 
258 and a link eject port 260 that respectively accommodate the inlet 214 and eject guide 224 discussed in reference 
to FIG. 5. The feeder 250 further includes a feed index cam 270 mounted on the underside of the housing 252 and 
configured to rotate about pivot 276. The feed index cam 270 includes a cam path 272 and a lever 274 coupled to the 
cam path 272. А support rail 278 is also mounted to the housing 252 and cooperates to actuate the feed index cam 270 
during operation. The lever 274 functions to actuate a drive pawl 280 and feed shuttle 282 mounted to translate laterally 
on the underside of the housing 252. Forward and aft cartridge guides 283 and cartridge stripping guide 285 are mounted 
to the underside of the housing 252 to position and guide the rounds 202 indexed through the feeder 250. Cartridge 
stripping guide 285 also holds the ammunition link to the rear during cartridge ram. FIG. 6 additionally illustrates hinge 
assembly 290 that interacts with the feeder hinge 144 (FIG. 3) of the receiver assembly 100 (FIG. 1) to pivot the housing 
252 during loading operations. Generally, the feeder assembly 200 is sized and located to accommodate the maximum 
forward and aft positions of the operating group 300 while enabling the bolt to translate beneath it and enabling pres- 
entation of rounds 202 approximately one half a cartridge length aft of the barrel for chambering. 

[0020] With continuing reference to FIGS. 1-6, FIG. 7 is an isometric view of the operating group 300 removed from 
the other components of the weapon system 10 according to an exemplary embodiment. In general, the operating group 
300 functions to position and fire the round 202, eject the cartridge case and empty link, and in cooperation with other 
components, enable short recoil impulse averaging operation. As described in more detail below, the operating group 
300 generally includes a barrel extension 310, a bolt assembly 340, and an operating rod ("op-rod") assembly 370. In 
one exemplary embodiment, the operating group 300 is at least partially housed in the receiver housing 112 for axial 
translation. The bolt assembly 340 and op-rod assembly 370 translate within the barrel extension 310, and during various 
positions discussed below, the barrel extension 310, bolt assembly 340, and op-rod assembly 370 are secured and 
released from one another for joint or independent movement. 

[0021] FIG. 8 is an isometric view of the barrel extension 310 removed from the other components of the operating 
group 300 according to an exemplary embodiment, and FIG. 9 is a longitudinal cross-sectional view of the barrel extension 
310 of FIG. 8. FIGS. 8 and 9 will be discussed together. 

[0022] The barrel extension 310 has a number of elements that cooperate with the bolt assembly 340 and op-rod 
assembly 370, as well as the other components of the weapon system 10, to assist in weapon operation. In general, 
the barrel extension 310 is mounted within the receiver assembly 100 to move freely forward and aft with little or no 
resistance to prevent or mitigate energy storage or transfer to the receiver assembly 100. 

[0023] As shown in FIG. 8, the outer surface of the barrel extension 310 defines longitudinal receiver tracks 312 on 
opposite sides of the barrel extension 310. The receiver tracks 312 provide an interface for axial translation of the barrel 
extension 310 relative to the receiver assembly 100. The top side of the barrel extension 310 is generally open to interface 
with the feed assembly 200, while the underside of the barrel extension 310 is also generally open to receive the bolt 
assembly 340 and op-rod assembly 370. The side surfaces of the barrel extension 310 define an ejection window 313 
that lines up with the ejection window 183 (FIG. 3) of the receiver assembly 100. 

[0024] As best shown by the cross-sectional view of FIG. 9, the interior surface of the barrel extension 310 defines 
axially extending bolt tracks 320 to guide the bolt assembly 340 relative to the barrel extension 310. The bolt tracks 320 
further define a barrel extension lock 319 extending from the interior surface of the barrel extension 310 that functions 
to temporarily lock the barrel extension 310 to the bolt assembly 340 during a portion of the firing cycle. The bolt assembly 
340 is further guided, as discussed below, by hold-up cams 321 defined in the side surfaces of the barrel extension 310. 
Each hold-up cam 321 extends in an axial direction and terminates at a cam relief 323 on a forward end. The cam relief 
323 extends radially downward relative to the main portion of the hold-up cams 321. 

[0025] With continuing reference to FIGS. 1-7, as further illustrated in FIGS. 8 and 9, the interior surface of the barrel 
extension 310 further defines op-rod tracks 322 to guide the rear of the op-rod assembly 370 relative to the barrel 
extension 310. The forward end of the barrel extension 310 defines a barrel interface 330 for the barrel assembly 400, 
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and a buffer interface 334 for coupling the barrel extension 310 to the buffer assembly 600. The barrel interface 330 
includes locking lugs 331 formed on the interior surface of the forward end of the barrel extension 310 and a helix lock 
surface 332 extending around an upper periphery of the aft end of the barrel extension 310. As such, the locking lugs 
331 are raised relative to the interior surface in circumferential sections, and the helix lock surface 332 is a flange defining 
at least one gap. The locking lugs 331 and helix lock surface 332 cooperate with corresponding elements of the barrel 
assembly 400 to form a quick release mechanism. The buffer interface 334 is a downwardly extending protrusion that 
is configured to guide the forward portion of the op-rod assembly 370 and mate with an extension of the buffer assembly 
600, which functions to resist axial movement of the barrel extension 310 with little or no return energy. As also shown 
in FIG. 9 and discussed in greater detail below, the barrel extension 310 further includes a round guide 314 and ejector 
316 for respectively guiding a round and round casing during the firing cycle. In particular, the round guide 314 is fixed 
sloping downward to guide a round 202 presented by the feed assembly 200 into a chamber of the barrel assembly 400 
(FIG. 16), and the ejector 316 is fixed, extending radially inward to engage one side of a round case base to rotate the 
case out of the weapon system 10, as discussed below. 

[0026] With continuing reference to FIGS. 1-9, FIG. 10 is an isometric view of the bolt assembly 340 removed from 
the other components of the operating group 300 according to an exemplary embodiment, and FIG. 11 is a partial cross- 
sectional isometric view of the bolt assembly 340 according to an exemplary embodiment. As shown, the bolt assembly 
340 includes a lock block 342 coupled to a bolt 360. The bolt assembly 340 generally includes first and second rails 
344, 346 extending from a base 347. The base 347 defines a rear face 341 that engages the barrel extension 310 at 
some positions of the firing cycle. 

[0027] On one end of the lock block 342, a cam зћаћ 348 mounted between the two rails 344, 346. The cam зћаћ 
348 includes a central portion 349 between the two rails 344, 346 and end portions 350 extending outside of the two 
rails 344, 346. As described below, the сат зћаћ 348 is positioned to engage corresponding cams in the barrel extension 
310 and the op-rod assembly 370. 

[0028] The bolt 360 is coupled to the lock block 342 and generally includes a body 362 with a rammer 364 extending 
from the top of the body 362 and an extractor 366 mounted on the side of the body 362. The body 362 of the bolt 360 
further defines an ejector slot 368. The гаттег 364 is mounted in a groove formed in the top side of the bolt 360 to pivot 
about an axis perpendicular to the bolt axis. À rammer spring 365 biases the rammer 364 in an up-pivoting position. The 
extractor 366 is mounted in a groove formed on the bolt 360 so as to pivot about an axis perpendicular to the bolt axis 
against the bias of an extractor spring (or springs) 367. As described in greater detail below, the rammer 364 functions 
to position a round for firing, and the extractor 366 guides the case from the fired round on the bolt face until contacted 
by ejector 316 through the ejector slot 368. The body 362 further defines a firing pin guide 363 for guiding a firing pin 390. 
[0029] According to the invention, the firing pin 390 is arranged on the bolt assembly 340, and a hold spring 392 on 
the bolt assembly 340 generally holds the firing pin 390 in a retracted position. In the depicted position, partially shown 
in FIG. 11 and depicted in greater detail in subsequent FIGS, the interaction of a hold cam protrusion 396 extending 
from the firing pin 390 and a hold cam 394 formed on the inclined surface of the lock block 342 prevents the firing pin 
390 from moving forward. During the firing cycle, as described below, the lock block 342 may pivot downward due to 
the interaction of aft end of the lock block 342 and a forward end of the op-rod assembly 370 and/or due to the interaction 
of a cam shaft 348 on the lock block 342 and a cam 286 on the op-rod assembly 370. Other embodiments may be 
arranged differently, such as an embodiment in which a firing pin is mounted on the op-rod assembly. 

[0030] FIG. 12 is an isometric view of the op-rod assembly 370 removed from the other components of the operating 
group 300 (FIG. 7) according to an exemplary embodiment. FIG. 13A is a longitudinal cross-sectional view and a partial 
end view, respectively, of the op-rod assembly 370 of FIG. 12. FIGS. 12, 13A and 13B will be discussed together. 
[0031] As best shown by FIG. 12, and with continuing reference to FIGS. 1-11, the op-rod assembly 370 has an 
elongated body portion 372 and a top portion 380 on a top surface of an aft end 375 of the body portion 372. As discussed 
below, the body portion 372 of the op-rod assembly 370 is generally situated underneath the barrel extension 310. As 
also discussed below, the body portion 372 includes a forward extension 374 coupled to the gas accelerator 500 and 
an aft end 375. The aft end 375 is housed within the receiver assembly 100 and accommodates the buffer assembly 
600 in a cavity 376 defined by side rails 378, 379. The op-rod assembly 370 is coupled to or otherwise engages a 
charging handle 371 that extends horizontally from the side of the body portion 372 and out of one of the charging ports 
141 of the receiver assembly 100, as particularly shown in FIG. 13B. The charging handle 371 enables an operator to 
translate the op-rod assembly 370 in a rearward direction to charge the weapon system 10 in preparation for firing. 
[0032] The top portion 380 of the op-rod assembly 370, as best shown in FIG. 13A, includes an upwardly extending 
feed roller 382 mounted on a roller shaft 384. As also shown in FIG. 13A and discussed in more detail below, the op- 
rod assembly 370 includes a spring retainer 371 to engage a drive spring (e.g., drive spring 670 in FIG. 17). The top 
portion 380 further defines a cam 386 for interacting with other components of the operating group 300. Additionally, 
the top portion 380 has a forward face 381 that functions as a forward stop surface relative to the bolt assembly 340 
during operation, and an aft face 382 that functions as an aft stop surface relative to the buffer assembly 600 during 
operation. In general, the op-rod assembly 370 has a relatively long excursion compared to the barrel extension 310 
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during operation. 

[0033] According to the invention, a firing pin 388 is mounted in the bolt assembly 340. The feed roller 382, сат 386, 
and firing pin 388 will be discussed in greater detail below in the description of the firing and feed cycles. 

[0034] FIG. 14 is an exploded isometric, partially cross-sectional view of the operating group 300 and more clearly 
shows the interaction of the barrel extension 310, the bolt assembly 340, and the op-rod assembly 370. As introduced 
above, the bolt assembly 340 is configured to translate within the barrel extension 310 on bolt tracks 320. As described 
below, during portions of the firing cycle, the cam shaft ends 350 о the bolt assembly 340 are positioned within the hold- 
up cam 321. As indicated by the dashed lines, the central portion 349 of the cam shaft 348 is positioned within the cam 
386 of the op-rod assembly 370. As a result of this arrangement, the cams 321, 386 cooperatively guide the position of 
the bolt assembly 340 during the op-rod 370 translation through the barrel extension 310. 

[0035] FIG. 15 is an isometric view of the barrel assembly 400 and the gas accelerator 500 removed from the other 
components of the weapon system 10 according to an exemplary embodiment, and FIG. 16 is a cross-sectional view 
of the gas accelerator 500 according to an exemplary embodiment. The barrel assembly 400 generally includes a barrel 
410 defining a chamber 411 and a bore 412 for guiding a fired round out of the weapon system 10 (FIG. 1). A flash 
suppressor 414 or other ancillary device may be mounted on the forward end of the barrel 410, and a barrel handle 416 
and a release (or quick-release) mechanism 450 may be mounted on the aft end of the barrel 410 for coupling and 
decoupling the barrel assembly 400 to the barrel extension 310 (FIG. 8). In general, the release mechanism 450 includes 
barrel locking lugs 451 extending in partial helix sections around the outer surface of the aft end of the barrel sleeve, 
which is able to rotate about the barrel axis through a sector from locked to unlocked positions. The release mechanism 
450 also includes a barrel lock 452 and lock projection 453 mounted for radial actuation on the barrel handle 416. 
Although not shown, the release mechanism 450 includes a locking spring housed in the barrel handle 416 that biases 
the barrel lock 452 and the lock projection 453 downward, towards the chamber 441. The release mechanism 450 is 
discussed in greater detail below with reference to FIG. 26. 

[0036] The gas accelerator 500 is mounted on the barrel 410. Particularly, as best shown in FIG. 16, the gas accelerator 
500 has a housing body 510 with an inlet 512 fluidly coupled to the bore 412 via a port 417 in the barrel 410. The inlet 
512 is fluidly coupled to a chamber 514 defined by the body 510. A vented cap 516 covers one end of the chamber 514. 
A poppet valve 520 defines the other end of the chamber 514 and is positioned to axially translate within the body 510. 
An end portion 522 of the poppet valve 520 is configured to be coupled to op-rod assembly 370. The poppet valve 520 
and/or body 510 may define vents 526. As the poppet valve 520 moves forward and aft through the body 510, at least 
some of the gas within the body 510 may be forced out of the vents 526, thereby preventing or mitigating stagnant gases 
and the accumulation of dirt or debris in the gas accelerator 500. 

[0037] As shown, in the illustrated exemplary embodiment, the gas accelerator 500 is arranged completely outside of 
the receiver assembly 100. In this respect, the gas accelerator 500 may be considered self-cleaning since the vents 526 
of the poppet valve 520 do not vent gas from the barrel 410 into the interior of the receiver assembly 100. This prevents 
dirt and other debris from fouling the receiver assembly 100 and/or operating group 300. Additional details about the 
operation of the gas accelerator 500 are discussed below. 

[0038] FIG. 17 is a cross-sectional view of the buffer assembly 600 in accordance with an exemplary embodiment. 
As described in greater detail below, the buffer assembly 600 axially couples the barrel extension 310 to the receiver 
assembly 100 to generally prevent or mitigate transfer of energy between the operating group 300 (and barrel assembly 
400) and the receiver assembly 100. The buffer assembly 600 includes a housing 610 that houses a centering spring 
620 and a piston assembly 640. In general, the centering spring 620 is a preloaded double acting spring which functions 
as bias spring keeping the barrel Extension in the same position under static loading and provide an energy absorption 
mechanism that tends to mitigate energy storage or return during firing when the preload is exceeded. 

[0039] A piston rod 650 extends in a forward direction through and out of the housing 610 to couple the buffer assembly 
600 to the barrel extension 310 via an attachment ball 654 at buffer interface 334 (FIG. 9). The piston assembly 640 
includes a piston 642 with fluid conduits 644 configured to translate within a chamber 646 containing hydraulic fluid. The 
hydraulic fluid flows through the conduits 644 to resist movement based on the velocity of the piston 642. At higher 
velocities, the resistance is increased. The position of the piston 642 within the chamber 646 is generally maintained by 
self-centering spring 620 arranged on the piston rod 650. The piston rod 650 additionally extends out of the housing 
610 to couple the buffer assembly 600 to the barrel extension 310 (FIG. 1) via an attachment ball 654. 

[0040] The buffer assembly 600 further includes a drive spring 670 mounted on the housing 610. One end 672 of the 
drive spring 670 is coupled to the receiver assembly 100 (FIG. 2), and the other end 674 engages the op-rod assembly 
370 (FIG. 12). The forward end 674 of the drive spring 670 contacts the spring retainer 373 (FIG. 13A) which engages 
and biases the op-rod assembly 370 forward such that the op-rod assembly 370 may be translated in a rearward direction 
to charge the weapon system and initiate the firing cycle, as will now be discussed. 

[0041] As an introduction, the firing cycle may be summarized as follows, with continuing reference to FIGS. 1-17: 1) 
the barrel assembly 400 with the barrel extension 310, the op-rod assembly 370, and the bolt assembly 340 are generally 
arranged to translate axially relative to the receiver assembly 100; 2) the op-rod assembly 370 and bolt assembly 340 
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are charged rearward and driven forward by the drive spring 670; 3) the bolt assembly 340 chambers the round 202, 
unlocks from the op-rod assembly 370, locks to the barrel extension 310, and transfers forward momentum to the barrel 
extension 310; 4) the op-rod assembly 370 transfers forward momentum to the barrel extension 310 and fires the round; 
5) the forward momentum of the barrel extension 310, the op-rod assembly 370, and the bolt assembly 340 are stopped 
by the round impulse and driven rearward; 6) the gas accelerator 500 drives the op-rod assembly 370 rearward and 
stops the rearward momentum of the barrel extension 310; and 7) the op-rod assembly 370 is stopped by the drive 
spring 670 and any extra energy of the op-rod is stopped by impacting the buffer ball 654 and transferring that energy 
to the barrel extension. Any excessive energy due to impulse imbalance or op-rod transfer energy on the barrel extension 
310 is stopped by the buffer assembly 600. This energy balance occurs with little or no energy being transferred to the 
receiver assembly 100, and thus, the operator. À more detailed description of the firing cycle will be provided with the 
assistance of FIGS. 18A, 18B and 19-24. 

[0042] FIG. 18A is a complete cross-sectional view of the weapon system 100 described below. FIGS. 188 and 19-24 
are partial, more detailed cross-sectional views of the weapon system 10 in various positions during the firing cycle. 
FIGS. 18B and 19-24 will be discussed consecutively below. In the discussion of FIGS. 18B and 19-24, reference is 
additionally made to FIG. 25, which is a graph depicting velocity over time for the barrel group (e.g., which, in the 
discussion below includes barrel assembly 400 and barrel extension 310), the bolt assembly 340, and the op-rod assembly 
370 with velocity represented on the vertical axis and time represented on the horizontal axis. Line 2510 represents the 
velocity of the barrel group; line 2520 represents the velocity of the bolt assembly 340; and line 2530 represents the 
velocity of the op-rod assembly 370. The velocities of the barrel group , bolt assembly 340, and the op-rod assembly 
370 at various times, labeled as points 2550-2557, will be discussed with respect to the positions depicted in FIGS. 
1818B and 19-24. 

[0043] FIG. 18B is a partial cross-sectional view of the weapon system 10 in a first position of a firing cycle according 
to an exemplary embodiment. The position depicted in FIG. 18B may be considered a charged condition. 

[00441 In the first position of FIG. 18B, represented by point 2550 in FIG. 25, the op-rod assembly 370 and the bolt 
assembly 340 of the operating group 300 have been retracted relative to the barrel extension 310 to charge the weapon 
system 10. Specifically, the charging handle 371 (FIG. 12) has been pulled rearward by an operator, toward the buttstock 
assembly 170, thus retracting the op-rod assembly 370. As noted above, the op-rod assembly 370 engages the drive 
spring 670 via the spring retainer 373 to compress the drive spring 670 as the op-rod assembly 370 retracts. In this 
position, the round 202 is arranged by the feed assembly 200 laterally in line with the chamber 411 and held in position 
by the cartridge stop 222 and cartridge hold pawls 223. 

[0045] As also noted above, the cam shaft 348 engages the cam 386 of the op-rod assembly 370 such that the bolt 
assembly 340 retracts with the op-rod assembly 370. In this position, the bolt assembly 340 is "locked" or otherwise 
secured to the op-rod assembly 370. Although not shown in FIG. 18, the op-rod assembly 370 and thus, the bolt assembly 
340, are held in the retracted position by a sear 1800 that engages the op-rod assembly 370 and that may be released 
by the trigger 154. 

[0046] FIG. 19is a partial cross-sectional view of the weapon system 10 in a second position of the firing cycle according 
to an exemplary embodiment, subsequent to the position of FIG. 18. The position depicted in FIG. 19 may be considered 
a chambering condition. 

[0047] Inthe position of FIG. 19, the trigger 154 (FIG. 2) has been pulled, releasing the op-rod assembly 370 and the 
bolt assembly 340 such that the drive spring 670 forces the op-rod assembly 370 and bolt assembly 340 forward. In this 
exemplary embodiment, the drive spring 670 is sized to provide a forward momentum at the firing position that is 
approximately one-third to one-half of the subsequent impulse of the fired round. As shown in FIG. 19, as the bolt 
assembly 340 moves forward, the rammer 364 engages the round 202. FIG. 25 depicts the forward movement of the 
op-rod assembly 370 and bolt assembly 340 approximately mid-way between points 2550 and 2551. 

[0048] Further shown in FIG. 19, the op-rod assembly 370 and the bolt assembly 340 continue to be driven forward 
by the drive spring 670 and the rammer 364 contacts the base of the round 202 to guide the round 202 out of the link 
into the chamber 411 of the barrel 410. As noted above, the round guide 314 of the barrel extension 310 assists in 
guiding the round 202 downward into the chamber 411 of the barrel 410 while the cartridge stripping guide 285 (FIG. 6) 
retains the link. FIG. 20 is a partial cross-sectional view of the weapon system 10 in a further position of a firing cycle 
according to an exemplary embodiment, subsequent to the position of FIG. 19. In this position, the op-rod assembly 370 
and the bolt assembly 340 have been driven forward until the round stops against the chamber, the extractor 366 snaps 
over the round rim and the bolt assembly 340 engages the forward interior face of the barrel extension 310, as depicted 
in point 2551 of FIG. 25. The bolt assembly 340 transfers its forward momentum to the barrel extension 310. 

[0049] At this point, the bolt assembly 340 is generally axially unsecured from the op-rod assembly 370 such that ће 
bolt assembly 340 stops and the op-rod assembly 370 continues forward. More specifically, the cam shaft 348 of the 
bolt assembly 340 has reached the cam relief 323 of the hold-up cam 321 on each side of the barrel extension 310. As 
such, the hold-up cam 321 no longer maintains the radial position of the cam shaft 348, and thus, the radial position of 
the lock block 342. However, after disengagement with the hold-up cam 321, the cam shaft 348 of the bolt assembly 
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340 is still guided by the cam 386 of the op-rod assembly 370. As such, as the cam 386 continues to move forward and 
the bolt assembly 340 is pressed against the barrel extension 310, the cam shaft 348 is guided down the cam 386 to 
press the aft end of the lock block 342 downward. 

[0050] FIG.21is a partial cross-sectional view of the weapon system 10 іп a further position of the firing cycle according 
to an exemplary embodiment, subsequent to the position of FIG. 20. Between FIGS. 20 and 21, the lock block 342 is 
actuated downward, the hold cam 394 is moved away from the cam protrusion 396. In one exemplary embodiment, the 
hold сат 394 is moved away from the cam protrusion 396 at approximately three-quarters of the lock block 342 movement. 
At this point, the firing pin 390 is released from the lock block 342, and the forward movement of the op-rod assembly 
370 forces the firing pin 390 forward to initiate firing, as also described in greater detail below. The relative movement 
is timed such that the complete momentum of the op-rod assembly 370 is transferred to the other components of the 
operating group before the impulse of the round is fully absorbed. At this point, the operating group is coupled to the 
barrel group to receive the round momentum and be driven rearward, such that this embodiment may reduce gas 
accelerator requirements. 

[0051] Іл the position of FIG. 21, the op-rod assembly 370 and the bolt assembly 340 have been driven forward until 
the bolt assembly 340 engages the forward interior face of the barrel extension 310 and the forward end of the op-rod 
assembly 370 engages the aft end of the barrel assembly 340. In this position, the cam shaft 348 of the bolt assembly 
340 has reached the termination point of the cam 386 of the op-rod assembly 370 such that the op-rod assembly 370 
cannot move forward relative to the bolt assembly 340. In this position, depicted by points 2552 and 2553 in FIG. 25, 
the firing pin 390 as driven by the op-rod is about to impart at least some of the energy of the op-rod assembly 370 to 
initiate firing of the round 202. The remaining energy of the op-rod assembly 370 is transferred to the barrel extension 
310 via the bolt assembly 340. As additionally shown in FIG. 21, the downward position of the bolt assembly 340 is such 
that rear face 341 of the bolt assembly 340 engages the barrel extension lock 319 of the barrel extension 310 to 
momentarily lock or otherwise secure the bolt assembly 340 to the barrel extension 310. During forward movement of 
the op-rod assembly 370, the forward extension 374 moves the poppet valve 520 forward in chamber 514 (FIGS. 12 
and 16). 

[0052] FIG. 22 в a partial cross-sectional view of the weapon system 10 in a further position of the firing cycle according 
to an exemplary embodiment, subsequent to the position of FIG. 21. The positions depicted in FIGS. 22-24 may be 
considered a recoil condition. 

[0053] In the position of FIG. 22, the round 202 has been ignited by the firing pin 388 and the resulting forward 
momentum of the round 202 drives the barrel extension 310, the bolt assembly 340, the op-rod assembly 370, and the 
barrel assembly 400 reverses velocity, represented by point 2554 in FIG. 25, which is the point that the op-rod assembly 
370 begins acceleration rearward and the bolt assembly 340 and barrel assembly 400 are decelerated and begin to 
unlock from one another. Subsequent to the initial rearward movement, as shown in FIG. 23, the cam shaft 348 travels 
up the cam 386 of the op-rod assembly 370 to disengage the rear face 341 of the bolt assembly 340 from the barrel 
extension lock 319 of the barrel extension 310, and thus, releases the bolt assembly 340 from the barrel extension 310, 
as represented by point 2555 in FIG. 25. In other words, the op-rod assembly 370 and bolt assembly 340 unlock from 
the barrel extension 310 between points 2554 and 2555, which concludes with the bolt assembly 340 traveling rearward 
with the op-rod assembly 370. As also shown in FIG. 22, as the op-rod assembly 370 moves rearward, the hold spring 
392 returns the firing pin 390 to the initial position, at which the lock block 342 is pivoted upward to reengage the cam 
protrusion 394. 

[0054] Asnoted above, the ignition of the round 202 imparts forward momentum to the bullet and associated propellant 
gas of the round 202 with an equal change of momentum to the operating group 300 to the rear, which is represented 
by point 2554 in FIG. 25. The net change in momentum of the operating group 300 is approximately twice the forward 
momentum of the drive spring 670 to op-rod assembly 370 such that the resulting rearward momentum on the op-rod 
assembly 370 is approximately equal to the forward momentum imparted by the drive spring 670 (FIG. 17). The buffer 
assembly 600 absorbs a portion of the rearward momentum through the centering spring 620 and fluid damping of the 
hydraulic fluid through the piston 642. Similarly, the buffer assembly 600 absorbs the forward energy of the operating 
group 300 in the event the round 202 does not fire or dry fires. 

[0055] FIG. 23 is a partial cross-sectional view of the weapon system 10 in a further position of the firing cycle according 
to an exemplary embodiment, subsequent to the position of FIG. 22. In this position, the bullet of the fired round 202 
has travelled past the port 417 in the barrel 410. A portion of the gas from the burnt propellant flows through the port 
417 into the chamber 514 of the gas accelerator 500 to force the poppet valve 520 rearward. The forward extension 374 
of the op-rod assembly 370 is coupled to the poppet valve 520 such that the op-rod assembly 370 is accelerated rearward, 
and a corresponding forward momentum is transferred to the barrel assembly 400 to slow rearward momentum, which, 
as noted above is represented by point 2555 in FIG. 25. 

[0056] Аз the bolt assembly 340 travels rearward, the cam shaft ends 350 engage the hold-up cam 321, and the bolt 
assembly 340 and op-rod assembly 370 move as a unit rearward. During rearward motion of the bolt assembly 340, the 
claw portion of the extractor 366 (FIG. 11) pulls the case of the fired round rearward, out of the chamber 411 until the 
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case impacts the ejector 316 (FIG. 9) on the barrel extension 310, which rotates the case out through the ejection 
windows 313, 183 (FIG. 2) in the barrel extension 310 and receiver housing 112, respectively. The extraction action 
may occur approximately at point 2577. Typically, the windows 183, 313 are slightly larger than an unfired round to 
facilitate ejection of a dud round. The momentum from the gas accelerator 500 continues to drive the op-rod assembly 
370 and bolt assembly 340 until slowed and stopped by the drive spring 670, as represented by point 2558 in FIG. 25 
and additionally corresponding to the charged position of FIG. 18 in preparation of repeating the firing cycle. If the op- 
rod assembly 370 has excessive energy, the op-rod assembly 370 will bottom out on the barrel extension 310 and the 
buffer assembly 600 will absorb this energy, as shown by the max recoil position of FIG. 24. The firing cycle repeats 
until the trigger 154 (FIG. 2) is released and the sear re-engages the op-rod assembly 370. 

[0057] Throughout the cycle, the stroke of the operating group 300, particularly the barrel extension 310, is relatively 
short. For example, іп a weapon system with a length of 150 calibers and a barrel with a length of 70 calibers the stroke 
of the barrel extension may be, for example, +/- 2 calibers with associated an associated op-rod assembly stroke of 
19-21 calibers and a bolt assembly stroke of 15-17 Calibers. 

[0058] Reference is briefly made to FIGS. 5, 6, 12, 13, and 18-24 to describe the operation of the feed assembly 200 
during the firing cycle. As the op-rod assembly 370 moves forward (e.g., FIGS. 18-21), the feed roller 382 engages the 
cam path 272 of the feed index cam 270 of the feeder 250. The cam path 272 is curved, so as the op-rod assembly 370 
travels an axial path, the feed roller 382 forces the feed index cam 270 to pivot about pivot 276. As the feed index cam 
270 pivots, the pivoting lever 274 engages the drive pawl 280 and feed shuttle 282 (FIG. 6) to index the rounds one 
position. The action of feeding the round pushes the loose link in the strip position out of the side of the feed assembly 
200. During op-rod rearward travel, the feed index cam returns to its beginning position; the hold pawls 223 in the feed 
tray hold the ammunition belt in position. As such, as the operating group 300 chambers a round and fires the chambered 
round, the feed assembly 200 positions a subsequent round for chambering and firing during a subsequent firing cycle. 
Although the depicted embodiments show a feed system in which linked rounds are indexed through the feeder, in other 
embodiments, the rounds may be individually chambered by an operator or the rounds may be biased into the chamber 
from a magazine. 

[0059] FIG. 26 is a partial cross-sectional view of the barrel assembly 400 coupled to the barrel extension 310 and 
particularly shows the release mechanism 450 for expedient removal of the barrel assembly 400 from the weapon system 
10 during disassembly. In the assembled condition, as shown, the helical locking lugs 331 of the barrel extension 310 
engage the helical locking lugs 451 of the barrel assembly 400 to prevent relative axial movement between the barrel 
extension 310 and the barrel assembly 400. In this position, the lock projection 453 extends into the gap of the helix 
lock surface 332 to prevent rotation of the barrel assembly 400 relative to the barrel extension 310, thus ensuring that 
the lugs 331, 451 remain engaged. As noted above, the locking lugs 451 are on a rotating sleeve 459, similar to as a 
nut on the barrel assembly 400 with interrupted threads that engages mating threads of locking lugs 331 on the barrel 
extension 310. In general, the trigger projection 453 and lock surface 332 may be formed by any angled or cam surfaces 
that prevent relative movement. The helical locking lugs are designed to rotate until the barrel is positioned aftward 
against a stop surface in the barrel extension thus insuring a constant headspace for the weapon. The trigger projection 
and lock surface are structured such that they will always engage under any final locked position of the barrel sleeve. 
To remove the barrel assembly 400, a user pulls the barrel lock 452 upward (or otherwise radially outward). This retracts 
the lock projection 453 from the helix lock surface 332, thus enabling relative circumferential movement between the 
barrel extension 310 and the sleeve 459 of the barrel assembly 400. As the barrel sleeve 459 rotates, the lugs 451 
disengage from the lugs 331, e.g., instead of the lugs 331 and 451 being circumferentially aligned, the lugs 331 and 451 
are offset such that the lugs 451 are positioned within the gaps between the lugs 331 and vice versa. In this position, 
the barrel assembly 400 may be pulled in an axial direction and separated from the barrel extension 310. 

[0060] Toreattach, the barrel assembly 400 is slid back onto the barrel extension 310 with the lugs 331 and 451 offset 
from one another, then the barrel sleeve 459 is rotated to align the lugs 331 and 451 as the spring biases the trigger 
projection 453 into the lock surface 332, thus locking the barrel assembly 400 onto the barrel extension 310. The lugs 
331 and 451 may be canted or otherwise angled relative to one another to facilitate engagement. When the locking lugs 
451 rotate to lock the barrel assembly 400, the barrel assembly 400 does not rotate. Instead, the barrel assembly 400 
is keyed in rotation to the barrel extension 310 and the accelerator 500 engaging the front of the receiver assembly 100. 
[0061] Amore detailed description of impulse averaging model associated with the firing cycle and the resulting impact 
on the receiver (and thus, operator) will now be mathematically described with Equations (1)-(20), which use the following 
assumptions: 1) no friction or non-conservative forces are present; 2) the barrel extension 310, and thus the barrel 410, 
are free to travel forward or aft relative in the receiver assembly 100 with very little resistance and no appreciable stored 
energy; 3) collisions are perfectly elastic.; and 4) the cartridge impulse resulting from the pressure time curve frequency 
is several orders of magnitude above the operating frequencies.. 

[0062] Equation (1) describes the basic equation for return velocity of a moving operating group: 
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Їг--Мь, *V, Equation (1) 
wherein 


Ir is the rearward momentum; 
Mbg is the mass of the barrel group; and 
М is the rearward velocity of the barrel group. 


[0063] Equation (1) may be modified to account for any forward velocity of the operating group, as represented by 
Equation (2): 


Ir=Mog #У + Mog * Ме Equation (2) 


wherein 
Vs is the forward velocity of the barrel group. 
[0064] For perfect impulse averaging (e.g., V,= V;), Equations (1) and (2) can be rewritten as Equation (3): 


Ir=2 Мр "Мр Equation (3) 


[0065] For an open gas accelerator, Equation (3) may be modified as represented by Equation (4): 


п-2 Мр * Vr На Equation (4) 


wherein, 
lg is the momentum imparted by the gas accelerator to the barrel group. 
[0066] Equation (4) can be rewritten as Equation (5) to solve for Vf. 


У;=(10-17)/ 2 Мр Equation (5) 


[0067] Ina perfectly elastic collision between the operating group and barrel group, the momentum relationship may 
be represented by Equation (6): 


(Mog + Мог) Vr= Mor "Ма Equation (6) 


wherein 


Mor is the mass of the operating rod; and 
Ми is the velocity of the operating rod before the collision. 


[0068] Considering the barrel group and operating group act as a single mass after collision (M;= Mg + Mor), Equation 
(6) may be rewritten as Equation (7). 


VE Mor *Vır /Mt Equation (7) 


wherein 
Mt is the total mass. 
[0069] A combination of Equations (5) and (7) may be expressed as Equation (8). 


(Ir-Ig)/2Mbe= Mor "Ми /Mt Equation (8) 
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[0070] Upon solving for V1f, Equation (8) may be expressed as Equation (9). 


V,=Mt(Ir-Ig) /(2* Mog * Mor) Equation (9) 


[0071] Equation (10) describes the kinetic and potential energy balance between the drive spring and op-group. 


1/2 Mo Vig =И2Ка* Xop 


wherein 


Kor is the spring constant of the drive spring; and 


Equation (10) 


Xop is the distance the operating rod is retracted from a position of rest. 


[0072] The force equation of drive spring is expressed in Equation (11). 


ВАК Xop- 


Equation (11) 


[0073] Equations (10) and (11) may be combined as Equation (12). 


Vis = F” (Ka* Morn.. 


Equation (12) 


[0074] Equations (9) and (12) may be combined as Equation (13). 


[M,(Ir-Ig) (2* Му * Мој] = EI (Ka*Ma) Equation (13) 


[0075] Solving for force, Equation (13) may be expressed as Equation (14). 


F=1/2* (Kor /Mor)* {1+Mor/Mbg} * {Ir-Ig} Equation (14) 


[0076] Equation (14) may be expressed as Equation (15). 


Е=1/2* оо 1+Mor/Mbe)*(Ir-1g) 


wherein 
Onor is the natural frequency of the op-rod and spring; and 


Equation (15) 


Onor=sqrt(Kor/Mor) 


[0077] The gas accelerator should supply enough energy to return the op-rod to a charged position, as represented 


by Equation (16). 


Р-Мо Уин 


[0078] The energy balance between the drive spring and op-rod assembly corresponds to a kinetic energy balance 


Equation (16) 


with spring potential energy and may be represented by Equation (17). 


M 1 P=x(ko/ Mor) M 
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Equation (17) 
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[0079] Combining Equations (16) and (17) results in Equation (18). 


Ig= Хор“ Мог Фог Equation (18) 


[0080] Combining Equations (15) and (18) results in Equation (19), which represents an exemplary maximum force 
imparted to the receiver in the exemplary embodiments discussed herein. 


Е-1/2 "рок 1+Mor/Mbg)*[Ir- Хор Мог "Фпо | Equation (19). 


[0081] In a conventional weapon system in which the barrel group is fixed to the receiver and a gas acceleration 
system, the max force is represented by Equation (20). 


F=Qneun(It-Ig) Equation (20) 


[0082] In other words, using similar reasoning for the gas impulse requirements of Equation 18, the total force may 
be represented by Equation (21): 


Е=0 Ш- Хр Мо Onor | Equation (21) 


[0083] The force of a short recoil impulse averaging weapon, such as that described above may be compared to the 
force of a conventional gas operated system as represented by Equation (22): 


Esria/Fconv= 1 /2 x Mnorl 1 +Ме/Мь,) и. [Ir- Хор Мо“ Onor]/ Ongun [Ir- Xop " Mor” Onor ] 
Equation (22) 


[0084] Equation (22) may be rearranged with assumptions of equal component weights and internal spring rates, as 
represented below in Equation (23): 


Fgrta/Feonv=1/2* @nor( 1+Mor/Mbg)/ Ongun Equation (23) 


[0085] As a result, under this evaluation, one variable may be the weapon mount spring to ground which drives the 
weapon natural frequency for the conventional gun. The weapon mount spring to ground can vary from 160 Ib/in (manned) 
to 6000 Ib/in (hard mounted), as examples. 

[0086] FIG. 27 is a graph depicting examples of recoil reduction as a function of mount stiffness for exemplary weapon 
system relative to conventional weapon systems. As shown in FIG. 27, the exemplary embodiments such as discussed 
herein may reduce the recoil by 75% over conventional weapons for man firing and by 95% for hard mounting. 

[0087] Accordingly, the weapon system 10 discussed above may provide a number of advantages relative to conven- 
tional weapons, including a lower recoil force for high impulse rounds, more weapon control at a lighter weight, a reduction 
in sensitivity to recoil mass, higher firing rates, and a safer and simpler weapon. 


Claims 
1. A weapon system (10) for firing a round from a belt of rounds, the weapon system comprising: 
a receiver (110); 
an operating group (300) configured to operate the weapon system through a charged condition, a firing condition, 


and a recoil condition, the operating group comprising 


a barrel extension (310) at least partially housed within the receiver and arranged to axially translate relative 
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to the receiver; 

an operating rod (op-rod) assembly (370) at least partially housed within the barrel extension and arranged 
to axially translate within the barrel extension between the charged condition, the firing condition, and the 
recoil condition; and 

a bolt assembly (340) coupled to the op-rod assembly and at least partially housed within the barrel extension 
and arranged to axially translate within the barrel extension between the charged condition, the firing con- 
dition, and the recoil condition; 


a barrel (410) coupled to the barrel extension and defining a chamber and a bore; 

a gas accelerator 500) with a first end coupled to the barrel and a second end coupled to the op-rod assembly; 
a buffer assembly (600) comprising a self-centering spring (620) and a hydraulic piston assembly (640) having 
a first end coupled to the receiver and a second end coupled to the barrel extension; and 

a feeder (250) coupled to the receiver and configured to provide the round to the operating group; 

wherein the op-rod assembly (370) and the bolt assembly (340) are interlocked such that the bolt assembly is 
limited in axial movement by the op-rod assembly to provide a redundant containment of the op-rod assembly 
and bolt assembly within the barrel extension (310), and 


wherein preferably the op-rod assembly (370) comprises at least two redundant locking cams to force the bolt 
assembly into a locking position; 


wherein the weapon system further comprises a firing pin (390) arranged on the bolt assembly (340); charac- 
terised in that, in the firing position of the firing cycle, a forward portion of the op-rod assembly (370) contacts 
the firing pin (390) to actuate the firing pin into a primer of the round. 


The weapon system (10) of claim 1, wherein the barrel extension (310) and the op-rod assembly (370) are interlocked 
such that the op-rod assembly is limited in axial movement by the barrel extension to provide aredundant containment 
of the op-rod assembly and bolt assembly within the barrel extension (310). 


The weapon system (10) of claim 1, wherein the feeder (250) comprises a feed tray (210) configured to position the 
belt of rounds such that the bolt assembly (340) forces the round into the chamber, and wherein the round of the 
belt of rounds is a first round and wherein the belt of rounds further includes a second round adjacent to the first 
round in the belt of rounds, and wherein the feeder (250) further includes a feed pawl configured to index the belt 
of rounds from the first round to the second round, and 

wherein preferably the feeder (250) includes a feed index cam (270) and the op-rod assembly includes a feed roller 
(382), and wherein upon forcing the first round into the chamber, the feed roller actuates the feed pawl via the feed 
index cam to index the belt of rounds, wherein, upon indexing the belt of rounds, the feeder is configured to force 
a link associated with the first round out of the weapon system. 


The weapon system (10) of claim 1, wherein the barrel (410) comprises a quick-release assembly (450) that includes 
a lock projection (453) on the barrel, first locking lugs on the barrel, second locking lugs on the barrel extension, 
and a lock surface on the barrel extension, and 

wherein, in a locked position, the first locking lugs and the second locking lugs cooperate to prevent relative motion 
in an axial direction and the lock projection and the lock surface to prevent relative motion in a circumferential 
direction, and 

wherein preferably, in an unlocked position, the lock projection disengages from the lock surface to enable relative 
circumferential movement such that the first locking lugs and the second locking lugs disengage to enable relative 
motion in the axial direction and removal of the barrel from the barrel extension. 


The weapon system (10) of claim 1, wherein the gas accelerator (500) includes a housing body having an inlet 
mating with a port in the barrel (410) such that, upon firing, at least a portion of the gases from the bore are directed 
through the inlet into the housing body, and 

wherein preferably the gas accelerator (500) further includes a poppet (520) arranged within the housing body and 
actuated by the portion of the gases, wherein the poppet contacts the op-rod assembly and actuates the op-rod 
assembly upon actuation by the portion of the gases. 


The weapon system (10) of claim 5, 


wherein the housing body defines a vent (526), or 
wherein the housing body is mounted on the barrel, outside of the receiver. 
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The weapon system (10) of claim 1, wherein the firing pin (390) is arranged forward of the op-rod assembly. 


Patentansprüche 


1. 


Ein Waffensystem (10) zum Abfeuern einer Ladung aus einem Munitionsgurt, wobei das Waffensystem umfasst: 


eine Aufnahme (110); 
eine Betriebseinheit (300), die dazu konfiguriert ist, das Waffensystem in einem geladenen Zustand, einem 
abfeuernden Zustand und einem rückschlagenden Zustand zu betreiben, wobei die Betriebseinheit umfasst: 


eine Laufverlängerung (310), die zumindest teilweise in der Aufnahme untergebracht und angeordnet ist, 
um sich relativ zu der Aufnahme axial zu verschieben; 

eine Schubstangeneinheit (op-rod) (370), die zumindest teilweise in der Laufverlängerung untergebracht 
und angeordnet ist, um sich innerhalb der Laufverlängerung zwischen dem geladenen Zustand, dem ab- 
feuernden Zustand und dem rückschlagenden Zustand lateral zu verschieben; und 

eine Bolzeneinheit (340), die mit der Schubstangeneinheit verbunden ist und zumindest teilweise in der 
Laufverlängerung untergebracht und angeordnet ist, um sich innerhalb der Laufverlängerung zwischen 
dem geladenen Zustand, dem abfeuernden Zustand und dem rückschlagenden Zustand lateral zu ver- 
schieben; 


einen Lauf (410), der mit der Laufverlängerung verbunden ist und eine Kammer und ein Bohrloch umgrenzt; 
einen Gasbeschleuniger (500) mit einem ersten Ende, das mit dem Lauf verbunden ist, und einem zweiten 
Ende, das mit der Schubstangeneinheit verbunden ist; 

eine Puffereinheit (600), die eine selbstzentrierende Feder (620) und eine hydraulische Kolbeneinheit (640) mit 
einem ersten Ende, das mit der Aufnahme verbunden ist und einem zweiten Ende, das mit der Laufverlängerung 
verbunden ist, umfasst; und 

eine Zuführungsvorrichtung (250), die mit der Aufnahme verbunden und dazu konfiguriert ist, die Betriebseinheit 
mit der Ladung zu versorgen; 

wobei die Schubstangeneinheit (370) und die Bolzeneinheit (340) ineinandergreifend ausgeführt sind, so dass 
die Bolzeneinheit in ihrer axialen Bewegung durch die Schubstangeneinheit eingeschränkt ist, um eine redun- 
dante Umschließung der Schubstangeneinheit und der Bolzeneinheit innerhalb der Laufverlängerung (310) 
bereitzustellen, und 


wobei die Schubstangeneinheit (370) bevorzugt mindestens zwei redundante Schließnocken umfasst, um die Bol- 
zeneinheit in eine Verriegelungsposition zu zwingen; 


wobei das Waffensystem zusätzlich einen Schlagbolzen (390) umfasst, der an der Bolzeneinheit (340) ange- 
ordnet ist; 

das Waffensystem (10) ist dadurch gekennzeichnet, dass in der Abfeuerposition eines Feuerzyklus ein vor- 
derer Teil der Schubstangeneinheit (370) den Schlagbolzen (390) kontaktiert, um den Schlagbolzen in einen 
Zündsatz der Ladung zu drücken. 


Das Waffensystem (10) nach Anspruch 1, wobei die Laufverlängerung (310) und die Schubstangeneinheit (370) 
ineinandergreifend ausgeführt sind, so dass die Schubstangeneinheit in ihrer axialen Bewegung durch die Laufver- 
längerung eingeschränkt ist, um eine redundante Umschließung der Schubstangeneinheit und der Bolzeneinheit 
innerhalb der Laufverlängerung (310) bereitzustellen. 


Das Waffensystem (10) nach Anspruch 1, wobei die Zuführungsvorrichtung (250) ein Versorgungsfach (210) um- 
fasst, das dazu konfiguriert ist, den Munitionsgurt derart zu positionieren, dass die Bolzeneinheit (340) die Ladung 
in die Kammer presst, und wobei die Ladung aus dem Munitionsgurt eine erste Ladung ist und wobei der Munitionsgurt 
zusätzlich eine zweite Ladung umfasst, die benachbart zu der ersten Ladung angeordnet ist, und wobei die Zufüh- 
rungsvorrichtung (250) zusätzlich eine Vorschubklinke umfasst, die dazu konfiguriert ist, den Munitionsgurt von der 
ersten Ladung zu der zweiten Ladung einzureihen, und 

wobei die Zuführungseinrichtung (250) vorzugsweise eine Nockenwelle zur Einreihung bzw. Indexierung während 
der Zuführung (270) umfasst und die Schubstangeneinheit eine Versorgungstrommel (382) umfasst, und wobei die 
Versorgungstrommel in Reaktion auf das Drücken der ersten Ladung in die Kammer die Vorschubklinke über den 
Zuführsortierungsnocken drückt, um den Munitionsgurt einzureihen bzw. zu indexieren, wobei in Reaktion auf die 
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Einreihung bzw. die Indexierung des Munitionsgurts die Zuführungsvorrichtung dazu konfiguriert wird, ein der ersten 
Ladung zugeordnetes Bindeglied aus dem Waffensystem herauszupressen. 


Das Waffensystem (10) nach Anspruch 1, wobei der Lauf (410) eine Schnellentriegelungseinheit (450) aufweist, 
die einen Sicherungsüberhang (453) auf dem Lauf, erste Haltenasen auf dem Lauf, zweiten Haltenasen auf der 
Laufverlängerung, und eine Verriegelungsfläche auf der Laufverlängerung umfasst, und 

wobei, die ersten Haltenasen und die zweiten Haltenasen in einer verriegelten Stellung zusammenwirken, um eine 
relative Bewegung in einer axialen Richtung zu verhindern und den Sicherungsüberhang und die Verriegelungsfläche 
an einer relativen Bewegung in umlaufender Richtung zu hindern, und 

wobei vorzugsweise in einer entsicherten Stellung, der Sicherungsüberhang von der Verriegelungsfläche gelöst 
wird, um eine relative umlaufende Bewegung zu ermöglichen, so dass sich die ersten Haltenasen und die zweiten 
Haltenasen voneinander lösen, um eine relative Bewegung in der axialen Richtung und ein Lösen des Laufs von 
der Laufverlängerung zu ermöglichen. 


Das Waffensystem (10) nach Anspruch 1, wobei der Gasbeschleuniger (500) einen Gehäusekörper mit einem 
Einlass aufweist, der mit einem Anschluss in dem Lauf (410) verbunden ist, so dass in Reaktion auf einen FeuerstoR 
mindestens ein Teil der Gase aus der Bohrung durch den Einlass in den Gehäusekörper geleitet wird, und 

wobei der Gasbeschleuniger (500) vorzugsweise zusätzlich einen Ventilkegel umfasst (520), der innerhalb des 
Gehäusekörpers angeordnet ist und durch den Teil der Gase angetrieben wird, wobei der Ventilkegel in Reaktion 
auf einen Antrieb durch den Teil der Gase die Schubstangeneinheit berührt und die Schubstangeneinheit antreibt. 


Das Waffensystem (10) nach Anspruch 5, 
wobei der Gehäusekörper eine Entlüftung (526) umgibt, oder 


wobei der Gehäusekörper auf dem Lauf außerhalb der Aufnahme angeordnet ist. 


Das Waffensystem (10) nach Anspruch 1, wobei der Schlagbolzen (390) vor der Schubstangeneinheit angeordnet ist. 


Revendications 


Systeme d’arme (10) pour tirer une balle à partir d'une ceinture de balles, le système d'arme comportant : 


une carcasse (110), 
un groupe de commande (300) configuré pour commander le système d'arme en passant par un état charge, 
un état de mise à feu et un état de recul, le groupe de commande comportant 


une rallonge de canon (310) au moins partiellement reçue à l’intérieur de la carcasse et conçue pour se 
déplacer axialement en translation par rapport à la carcasse, 

un ensemble de tige de commande (ор-год) (370) au moins partiellement reçu à l’intérieur de la rallonge 
de canon et conçu pour se déplacer axialement en translation à l'intérieur de la rallonge de canon entre 
l’état chargé, Гета! de mise а feu et l’état de recul, et 

une culasse (340) couplée à l’ensemble de tige de commande et au moins partiellement reçue à l’intérieur 
de la rallonge de canon et congue pour se déplacer axialement en translation à l’intérieur de la rallonge de 
canon entre l’état chargé, l’état de mise à feu et l’état de recul, 


un canon (410) couplé à la rallonge de canon et définissant une chambre et un alésage, 

un accélérateur de gaz (500) avec une première extrémité couplée au canon et une seconde extrémité couplée 
à l’ensemble de tige de commande, 

un ensemble tampon (600) comportant un ressort d’autocentrage (620) et un ensemble de piston hydraulique 
(640) ayant une première extrémité couplée à la carcasse et une seconde extrémité couplée à la rallonge de 
canon, et 

un dispositif d'alimentation (250) couplé à la carcasse et configuré pour fournir la balle au groupe de commande, 
dans lequel l'ensemble de tige de commande (370) et la culasse (340) sont interverrouillés de telle sorte que 
la culasse est limitée en termes de mouvement axial par l’ensemble de tige de commande pour assurer un 
confinement redondant de l’ensemble de tige de commande et de la culasse à l’intérieur de la rallonge de canon 
(310), et 

dans lequel, de préférence, l'ensemble de tige de commande (370) comporte au moins deux cames de ver- 
rouillage redondantes pour forcer la culasse dans une position de verrouillage, 
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dans lequel le système d’arme comporte en outre un percuteur (390) agence sur la culasse (340), 
caractérisé еп ce que, dans la position de mise а feu du cycle de mise à feu, une position avant de l’ensemble 
de tige de commande (370) vient en contact avec le percuteur (390) pour actionner le percuteur dans une 
amorce de la balle. 


Système dame (10) selon la revendication 1, dans lequel la rallonge de canon (310) et l'ensemble de tige de 
commande (370) sont interverrouillés de telle sorte que l’ensemble de tige de commande est limité en termes de 
mouvement axial par la rallonge de canon pour assurer un confinement redondant de l’ensemble de tige de com- 
mande et de la culasse à l’intérieur de la rallonge de canon (310). 


Système dame (10) selon la revendication 1, dans lequel le dispositif d'alimentation (250) comporte un plateau 
d'alimentation (210) configuré pour positionner la ceinture de balles de telle sorte que la culasse (340) force la balle 
dans la chambre, dans lequel la balle de la ceinture de balles est une première balle et dans lequel la ceinture de 
balles comprend en outre une seconde balle adjacente à la première balle dans la ceinture de balles, et dans lequel 
le dispositif d'alimentation (250) comprend en outre un cliquet d'alimentation configuré pour indexer la ceinture de 
balles de la première balle à la seconde balle, et 


dans lequel, de préférence, le dispositif d'alimentation (250) comprend une came d'indexage d'alimentation 
(270) et l'ensemble de tige de commande comprend un galet d'alimentation (382), et dans lequel, en forçant 
la première balle dans la chambre, le galet d'alimentation actionne le cliquet d'alimentation via la came d’indexage 
d'alimentation pour indexer la ceinture de balles, dans lequel, lors de l'indexage de la ceinture de balles, le 
dispositif d'alimentation est configuré pour forcer un maillon associé à la première balle à l'extérieur du système 
d'arme. 


4. Système d’arme (10) selon la revendication 1, dans lequel le canon (410) comporte un ensemble de libération rapide 


(450) qui comprend une saillie de blocage (453) sur le canon, des premiers tétons de blocage sur le canon, des 
seconds tétons de blocage sur la rallonge de canon, et une surface de blocage sur la rallonge de canon, et 


dans lequel, dans une position bloquée, les premiers tétons de blocage et les seconds tétons de blocage 
coopèrent pour empêcher un mouvement relatif dans une direction axiale de la saillie de blocage et de la surface 
de blocage pour empêcher un mouvement relatif dans une direction circonférentielle, et 

dans lequel, de préférence, dans une position débloquée, la saillie de blocage se désengage de la surface de 
blocage pour permettre un mouvement circonférentiel relatif de telle sorte que les premiers tétons de blocage 
et les seconds tétons de blocage se désengagent pour permettre un mouvement relatif dans la direction axiale 
et un retrait du canon de la rallonge de canon. 


Système d'arme (10) selon la revendication 1, dans lequel l'accélérateur de gaz (500) comprend un corps de boîtier 
ayant une entrée s'appariant avec un orifice dans le canon (410) de telle sorte que, lors d'une mise à feu, au moins 
une partie des gaz provenant de l'alésage est dirigée a travers l'entrée dans le corps de boîtier, et 
dans lequel, de préférence, l'accélérateur de gaz (500) comprend en outre un clapet (520) agence à l’intérieur 
du corps du boîtier et actionné par la partie des gaz, dans lequel le clapet vient en contact avec l’ensemble de 
tige de commande et actionne l’ensemble de tige de commande lors d’un actionnement par la partie des gaz. 


Système dame (10) selon la revendication 5, 


dans lequel le corps de boîtier définit un évent (526), ou 
dans lequel le corps de boîtier est monté sur le canon, à l'extérieur de la carcasse. 


Système dame (10) selon la revendication 1, dans lequel le percuteur (390) est agence а l'avant de l’ensemble 
de tige de commande. 


17 


EP 2 748 553 B1 


EP 2 748 553 B1 


EP 2 748 553 B1 


20 


EP 2 748 553 B1 


FIG. 4 
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FIG. 26 


Recoil Load Reduction over 
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